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(54) Seal device for rolling bearing 

(57) A seal device (17) for a rolling bearing has an 
inner seal iip (1 6) which never turns over when the inner 
seal lip with its tip end edge separated from the outer 
peripheral surface of the cylindrical portion (12) of a 
slinger (6) is f itted onto the cylindrical portion of the slin- 
ger, so that the inner seal lip (16) is not resiliently 
deformed, or very little resiliently defomned while the tip 
end edge of the inner seal lip is fitted onto the cylindrical 
portion (12) of the slinger (6). 



Fig. 4 




O 

00 
O 

Q. 
UJ 



Primed by Xero* (UK) Business Services 
2.16.3/14 



EP 0 864 770 A1 



Description 

Technical Fif^tf^ of the Invention 

The present invention is related to a seal device for s 
a rolling bearing, for example, to be installed in a sup- 
port apparatus for automobile vehicle or a rotational 
support portion in various industrial machines and 
apparatus. 
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Backorou nri the Invention 



Various machines and apparatus have rotational 
support portions in which rolling bearings such as ball 
bearings, roller bearings or tapered roller bearings are is 
installed. Such rolling bearings have seal devices 
installed therein, so that grease filled in the interior of 
the rolling bearings is prevented from leaking out or var- 
ious kinds of foreign matter such as rain water or dust 
on the outside from entering the interior of the rolling 20 
bearings. 

Figs. 1 to 3 show three examples of the conven- 
tional seal devices installed in the opening portion at 
one end of a rolling bearing for the purposes as men- 
tioned above. 

Fig. 1 shows a first example of the conventional 
seal device structures as disclosed in Japanese Patent 
Publication Tokuko Hei2-5214a which comprises a 
radially outer seal ring 3 and a radially inner seal ring 4 
in combination. This seal device is mounted between an 30 
outer ring 8 and an inner ring 1 1 portions of which are 
illustrated in Fig. 1. The rotational center of the outer 
and inner rings 8. 11 is located on the lower side of the 
inner ring 11 in Fig. 1. The radially outer seal ring 3 
comprises a reinforcing metal member la and a seal 35 
member 2a. and the radially inner seal ring 4 comprises 
a reinforcing metal member 1b and a seal member 2b. 
In this structure, the seal member 2a of the seal ring 4 
is formed with one or two seal lips having a tip end edge 
placed in sliding contact with a surface portion of the 40 
reinforcing metal member la of the mating seal ring 3 
while the seal mentier 2b of the seal ring 3 is formed 
with one or two seal lips having a tip end edge placed in 
sliding contact with a surface portion of the reinforcing 
metal 1 b of the mating seal ring 4. 

Fig. 2 shows a secorKi example of the conventional 
seal device structures as disclosed in Japanese Utility 
Model Publication JitsuKaiHei 2-146221. which com- 
prises a reinforcing metal 5. a stinger 6 arxi seal menv 
ber 7. This seal device is mounted between an outer so 
ring 8 and an inner ring 11 portions of which are illus- 
trated in Fig. 2. The rotational center of the outer arKi 
inner rings 8. 1 1 is located on the lower side of the inner 
ring 11 in Rg. 2. 

The seal memtjer 5 is formed in an annular shape ss 
with a L shaped cross section, and comprises a radially 
outer cylindrical portion 9 and a radially inner ring por- 
tion 10. The radially outer cylindrical portion 9 is 



adapted to be fitted into and fixed to the inner peripheral 
portion at one end of the outer ring 8. and the radially 
inner ring portion 10 extends radially inwards from tiie 
axially inner end edge of the cylindrical portion 9. The 
term "axially inner end edge" is used to mean the end 
edge closer to the axially central portion of the rolling 
bearing (the left end edge in Fig. 2). 

The slinger 6 is formed in an annular shape with a 
L shaped aoss section, and comprises a radially inner 
cylindrical portion 12 and a radially outer ring portion 
13. The radially inner cylindrical portion 12 is adapted to 
be fitted onto and fixed to tiie outer peripheral portion at 
one end of the inner ring 1 1, and the radially outer ring 
portion 13 extends radially outwards from the axially 
outer end edge of the cylindrical portion 12. The term 
"axially outer end edge" is used to mean tine end edge 
closer to the axial opening portion of the rolling bearing 
(the right end edge in Fig. 2). 

The seal member 7 is made of an elastic material 
such as rubber, elastomer and has a base portion 7a 
and three seal lips. i.e. outer seal lip 14. intermediate 
seal lip 15 and inner seal lip 16. The base portion 7a is 
securely connected to tiie reinforcing metal 5. 

The outermost seal lip 1 4 has a tip end edge placed 
in sliding contact with an axially inner surface portion of 
the ring portion 13 of the slinger 6 and the remained 
seal lips, i.e. intermediate seal lip 15 and inner seal lip 
1 6 have a tip end edge placed in sliding contact with the 
outer peripheral surface portion of the cylindrical portion 
12 of the slinger 6. 

Rg. 3 shows a third example of the conventional 
seal device structures as disclosed in Japanese Utility 
Model Publication JitsuKaiHei 3-121224, which is 
formed in a structure similar to that of the second exam- 
ple in Fig. 2. except that the innermost seal lip 16 of tiie 
three seal lips of the seal member 7 is tilted in a direc- 
tion opposite to that of the second example, in that the 
closer to its tip end edge the closer to tiie axial central 
portion of the rolling bearing. 

The three examples mentioned above are still 
required to be improved in some points as follows: 

In the example of Fig. 1 . the radially outer and inner 
seal rings 3. 4 comprising the reinforcing metal mem- 
bers la. lb and the seal members 2a, 2b, are trouble- 
some in manufacturing so as to increase the cost of the 
whole seal device. 

In the example of Fig. 2, the tip end edge of the 
inner seal lip 16 is inclined to be separated from the 
outer peripheral surface of tiie cylindrical portion 12 of 
the slinger 6 before installing the seal device to the open 
end portion of the rolling bearing or before installing the 
rolling bearing with the seal device to a rotational sup- 
port portion. 

Once the tip end edge of the seal lip 1 6 is separated 
from the outer peripheral surface of the cylindrical por- 
tion 12 of the slinger 6. the inner seal tip 16 often turns 
over when the tip end edge of the seal lip 16 is f itted 
onto the outer peripheral surface of the cylindrical por- 
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tion 12 of the slinger 6 by relatively axially moving the 
reinforcing metal member 5 and slinger 5 closer to each 
other. In the turned-over state, the contact pressure 
between the tip end edge of the seallip 1 6 and the outer 
peripheral surface of the cylindrical portion 12 of the 
slinger 6 is excessively large, so that the rotational 
torque that is rotational resistance in the rolling bearing 
with the seal device installed therein becomes large and 
that the seal performance becomes instable. 

In order to avoid such problems, the axial length of 
the cylindrical portion 12 may t>e enlarged, or the tip end 
edge of the inner seal lip 16 is made closer to the ring 
portion 13 of the slinger 6 to increase the axial length 
between the tip end edge of the inner seal tip 16 and the 
axially inner end edge of the cylindrical portion 12 of the 
slinger 6. However, if the axial length of the cylindrical 
portion 12 is enlarged, the installation space of the seal 
device would sometimes become intolerably large. And, 
if the tip end edge of the inner seal lip 16 is made closer 
to the ring portion 13 of the slinger 6. the distance 
between the tip end edge of the sea! lip 16 and the tip 
end edge of the intermediate seal lip 15 is too short to 
cause rnterference therebetween to worsen the seal 
performance. 

In the example of Fig. 3, even if the tip end edge of 
the seal lip 16 is separated from the outer peripheral 
surface of the cylindrical portion 12 of the slinger 6, the 
inner seal lip 16 never turns over when the tip end edge 
of the seal lip 16 is fitted onto the outer peripheral sur- 
face of the cylindrical portion 12 of the slinger 6. How- 
ever, the performance of the inner seal lip 16 for 
preventing grease leakage is too perfect, grease hardly 
reaches the sliding contact portions between the inter- 
mediate and outer seal lips 15. 16 and the slinger 6. 
Accordingly, the wear at the sliding contact portions 
would become large and the seal performance would be 
worsened at the sliding contact portions. 

In addition, the root portion 16a of the inner seal lip 
16 and the root portion 15a of the intermediate seal lip 
15. connected to the base portion 7a, are close to each 
other, the seat performance would be worsened due to 
the interference between the inner and intermediate 
seat lips 16, 15. 

Summary of the Invention 

An object of the present invention is to provide a 
seal 6&/\ce to overcome the problems as mentioned 
above, wherein the radially inner seal tip is prevented 
from turning over and the grease leakage is prevented. 

Brief Description of the Drawings 

Fig. 1 is a cross sectional view of an example of the 
conventional seal device. 

Fig. 2 is a cross sectional view of another example 
of the conventional seal device. 

Fig. 3 is a cross sectional view of another example 



of the conventional sea! device. 

Fig. 4 is a cross sectional view of an example of the 
seal device according to the present invention. 

Fig. 5 is a cross sectional view of an example of the 
5 rolling bearing with a seal device according to the 
present invention fitted therein. 

Rg. 6 is a cross sectional view of another example 
of the seal device according to the present invention. 

Rg. 7 is a graph showing test data between the seal 
10 lip interference and the number of the seal tips which 
are turned over. 

Rg. 8 is a cross sectional view of a portion of the 
rolling bearing where a sea! device is provided, which is 
used for the turning over test of the seal lip. 
15 Rg. 9 is a graph showing test data between the seal 
lip clearance and the amount of grease leaked. 

Detailed Description of the Prefen-ed Embodiments 

20 According to one embodiment of the present inven- 
tion, the seal device is installed in the rolling bearing 
comprising an inner ring having an outer peripheral sur- 
face formed with an inner ring raceway and an outer ring 
having an inner peripheral surface formed with an outer 

25 ring raceway and a plurality of rolling members provided 
behween the inner and outer ring raceways for relative 
rotation of the inner and outer rings, so as to close up an 
end portion of the rolling bearing between the outer 
peripheral surface o f the inner ring and the inner 

30 peripheral surface of tiie outer ring. 

The seal device for the rolling bearing of the 
present invention comprises a metal member, slinger 
and seal member as in the conventional structure of Rg. 
2 to be provided between an outer ring and an inner 

35 ring. 

The metal member is comprised of a radially outer 
cylindrical portion to be fitted into the inner peripheral 
surface at one end of tiie outer ring, and a radially inner 
ring portion extending radially inwards from tiie axially 

40 inner end edge of ttie radially outer cylindrical portion, 
and formed in a generally annular shape. 

The seal member is made of a resilient material to 
have a base portion and three seal lips with the base 
portion connected to tiie member. The outermost one of 

45 the three lips has a tip end edge placed in sliding con- 
tact with the axially inner surface of the ring portion of 
the slinger. The remained two ones, that is intermediate 
and innermost seal lips have a tip end edge in sliding 
contact with the outer peripheral surface of the cylindri- 

50 cat portion. 

The three seal lips mentioned above are tilted such 
that the it is closer to the outside of the rolling Ijearing as 
It is closer to the tip end edge. In addition, in tiie state 
where the tip end edge of tiie innernnost seal lip is 

55 engaged with the outer p^ipheral surface of the cylin- 
drical portion of the slinger, the innermost seal lip is not 
resilientiy deformed, or very tittle resilientty deformed, 
that is in substantially zero interference. 
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With this seal device for the rolling bearing, the 
inner seal lip with its tip end edge separated from the 
outer peripheral surface of the cylindrical portion of the 
slinger is fitted onto the cylindrical portion of the slinger, 
the inner seal lip never turns over. In other words, the tip 
end edge of the inner seal lip is fitted onto the cylindrical 
portion of the slinger in the state that the interference 
therebetween is substantially zero. Therefore, the inner- 
most seal lip is not resiliently deformed, or very little 
resiliency deformed while the tip end edge of the inner 
seal lip is f itted onto the cylindrical portion of the slinger. 
Accordingly, there is no or very little friction between the 
tip end edge of the inner seal lip and the outer periph- 
eral surface of the cylindrical portion of the slinger dur- 
ing fitting process causing no force to turn over the inner 
seal lip. 

Since the three seal lips mentioned above are tilted 
such that the closer to the tip end edge the closer to the 
outside of the rolling bearing, the grease filled in the 
interior of the rolling bearing is moderately supplied to 
the sliding contact portion between the tip end edge of 
the seal lips and the slinger, keeping the lubrication well 
in the sliding contact portions, keeping small the rota- 
tional torque of the rolling bearing and keeping sufficient 
seal performance at the sliding contact portions. 

Since the root portions of the seal lips connected to 
the base portion are separated from each other, there is 
no interference between the adjacent seal lips, so that 
the tip end edge of the seal lips well follows the move- 
ment of the surface of the slinger due to the eccentricity 
of the shaft etc. to secure good seal performance. 

Now. Figs. 4 and 5 show an example of the embod- 
iments of the present invention. The seal device 17 of 
this example comprises a reinforcing metal member 5, 
slinger 6 and seal member 7. 

The reinforcing metal member 5 is made of e.g. car- 
bon steel plate subjected to blanking e.g. punching or 
pressing and plastic process and formed in an integral 
structure. The reinforcing metal member 5 is formed in 
a generally annular shape with a sut>stantially L shaped 
cross section so as to have a radially outer cylindrical 
portion 9 to be fitted into the inner peripheral surface at 
one end of the outer ring 8 of the rolling bearing 1 8, and 
a radially inner ring portion 10 extending radially 
inwards from the axially inner end edge (left end edge in 
Fig. 4) of the radially outer cylindrical portion 9. 

The slinger 6 is made of a corrosion resistant metal 
plate such as stainless steel plate subjected to blanking 
e.g. punching or pressing and plastic process and 
formed in an integral structure. The slinger 6 is formed 
in a generally annular shape with a substantially L 
shaped cross section so as to have a radially inner cylin- 
drical portion 12 to be fitted onto the outer peripheral 
surface at the axially outer end of the inner ring 11 of the 
rolling bearing 18, and a radially outer ring portion 13 
extending radially outwards from the axially outer end 
edge (right end edge in Fig. 4) of the radially inner cylin- 
drical portion 12. 



Ihe seal member 7 is made of a resilient material to 
have a base portion 7a and three seal lips 14, 15. 16 
with the base portion 7a connected to the reinforcing 
member 5. The outermost seal lip 14 has a tip end edge 

5 placed in sliding contact with the axially inner surface of 
the outer ring portion 13 of the slinger 6. The remained 
two ones, that is intermediate seal lip 15 and innermost 
seal lip 16 have a tip end edge in sliding contact with the 
outer peripheral surface of the cylindrical portion 12 of 

10 the slinger 6. 

The base portion 7a of the seal member 7 covers 
the inner and outer peripheral surfaces of the tip half 
portion (right half portion in Rg. 4) of the cylindrical por- 
tion 9 of the reinforcing metal member 5. 

15 The three seal lips 1 4, 1 5, 1 6 are tilted such that the 
it is closer to the outside space of the rolling bearing as 
it is closer to the tip end edge, respectively. In addition, 
in tine state where the tip end edge of the innermost seal 
lip 1 6 is engaged with the outer peripheral surface of the 

20 cylindrical portion 12 of the slinger 6, the seal lip 16 is 
not resilientiy deformed, or very littie resiliently 
deformed, that is in substantially zero interference. 
Accordingly, the inner diameter of ttie seal lip 16 at a 
free condition is substantially the same to the outer 

25 diameter of the cylindrical portion 1 2 of the slinger 6. 

For example, in tiie case of tine rolling bearing 
to support the road wheel of the automobile, tiie 
diameter 0^2 of the cylindrical portion 12 is in the 
range of about 40 mm and about 70 mm. Witii this 

30 case, the inner diameter R^g of the seal lips 16 at 
the free condition is controlled to be at least the 
value of D^2 " 0-5 mm and up to D-t2 + 0.2 mm. That is, 
{(D ,2 - 0.5 mm) ^ R - 12 + 0.2 mm) }. 

In Figs. 4 and 5, the line X-X represents tiie rota- 

35 tional center of the rolling bearing 18 and the seal 
device 1 7. 

In tiie structure as mentioned above, the seal mem- 
ber 7 is attached to the reinforcing metal member 5, but 
no seal member is attached to the slinger 6. Therefore, 
40 the slinger 6 is easily manufactured, and the production 
cost of the seal device 1 7 comprising the slinger 6, rein- 
forcing metal member 5 and seal member 7 can be low- 
ered. 

The inner seal lip 1 6 never turns over when the seal 
45 lip 16 is fitted onto the cylindrical portion 12 of the slin- 
ger 6 from the state where the tip end edge of the inner 
seal lip 16 is separated from the outer peripheral sur- 
face of the cylindrical portion 12 of the slinger 6 before 
installing the seal device 17 to the open end portion of 
50 the rolling bearing 18, or before installing the rolling 
bearing 18 with the seal device to a rotational support 
portion. 

A pair of inner rings 11 witii the seal device 17 
installed therein according to the present Invention is 
55 used in the rolling bearing 18 as shewn in Fig. 5, and 
never separated from the outer ring 8 because of the 
engagement between the protrusions 22 formed on tiie 
cages 21 with rolling members 20 rotatably supported 
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therein and recesses 23 formed in the inner rings 1 1 . 

However before installing the rolling bearing 18 in 
the rotational support portion, the inner rings 1 1 are axi- 
aily displaced with reference to the outer ring 8 in the 
range that the protrusions 22 are displaced in the 
recesses 23. Due to this displacement the tip end edge 
of the inner seal lip 16 can be separated from the cylin- 
drical portion 12. Even in this condition, although the tip 
end edge of the inner seal lip 16 is fitted onto the cylin- 
drical portion 12 when the rolling bearing 18 is installed 
in the rotational support portion, the inner seal lip 16 
never turns over 

Specifically, the tip end edge of the inner seal lip 1 6 
is fitted onto the outer peripheral surface of the cylindri- 
cal portion 12 of the slinger 6 with substantially zero 
interference, the inner seal lip 16 is not resiliently 
deformed, or very little resiliently deformed during the 
fitting process. Accordingly, there is no or very little fric- 
tion between the tip end edge of the inner seal lip 16 
and the outer peripheral surface of the cylindrical por- 
tion 12 of the slinger 6 during fitting process causing no 
force on the seal lip 16 to turn over the inner seal lip 16. 

Particularly, since a chamfered portion 19 is pro- 
vided on the end edge of the cylindrical portion 12, the 
fitting process of the sell lip 16 onto the cylindrical por- 
tion 12 is smoothly carried out, positively preventing the 
seal lip 16 from turning over. 

Since the three seat lips 14. 15, 16 are tilted such 
that it is closer to the outside space of the rolling bearing 
18 as it is closer to the tip end edge, respectively, tiie 
grease filled in the interior of the rolling bearing 18 is 
moderately supplied to the sliding contact portion 
between the tip end edge of the seal lips 14, 15, 16 and 
the slinger 6. Accordingly, the lubrication of the sliding 
contact portions can be kept good, and the rotational 
torque of the rolling bearing 18 and the seal perform- 
ance of the sliding contact portions is sufficiently main- 
tained. In addition, since the root portions 14a, 15a, 16a 
of the seal lips 14, 15, 16 are separated from each 
other, there is no interference between the adjacent 
seal lips, so that the tip end edge of the seal lips 1 4, 1 5, 
16 well follows the movement of the surface of the slin- 
ger 5 due to the eccentricity etc. of the shaft with the 
inner rings 1 1 fitted thereon, thereby securing good seal 
performance. 

In the structure as illustrated, the inner and outer 
peripheral surfaces of the tip half portion (right portion in 
Rg. 4) of the cylindrical portion 9 of the reinforcing metal 
member 5 and tiie axially outer surface of the ring por- 
tion 10 are covered by the seal member 7. Conse- 
quently, the reinforcing metal member 5 is nwer 
exposed to rain water etc. on the outside of the roiling 
bearing 18, and therefore the reinforcing metal member 
5 even made of an inexpensive low carbon steel plate is 
hardly eroded. 

In ttie state where the reinforcing metal member 5 
is fitted into the end portion of the outer ring 8, the por- 
tion of the seal member 7 covering the outer peripheral 



surface of the tip half portion of the cylindrical member 
9 is resiliently supported between the outer peripheral 
surface of the tip half portion of the cylindrical portion 9 
and the inner peripheral portion of the outer ring 8 for 

5 positive seal therebetween. 

Rg. 6 discloses another example of the present 
invention, where the cylindrical portion 9 of the reinforc- 
ing metal member 5 is formed in a simple cylindrical 
shape, and the seal member 7 covers only the inner 

10 peripheral surface of the cylindrical portion 9. In the 
state where the reinforcing metal member 5 is f itted into 
the outer ring 8 (Rg. 5). the end edge (right end edge in 
Rg. 6) of the cylindrical portion 9 is exposed to the for- 
eign matter such as rain water. Accordingly, if the rein- 

15 forcing metal member 5 is made of an inexpensive low 
cart)on steel plate which is easily eroded, the erosion of 
the reinforcing metal member 5 could unavoidably start 
from the end edge of the cylindrical portion 9. However, 
the axial length of the cylindrical portion 9 is so large to 

20 secure practically sufficient durability. In addition, the 
practically sufficient seal performance between the 
outer peripheral surface of the cylindrical portion 9 and 
the inner peripheral surface of the outer ring 8 is 
secured, although it is less than the seal performance of 

25 the example of Figs. 4 and 5. 

Rg. 7 shows a graph of test data on the relation 
between the seal lip interference and the numljer of the 
seal lips which turned over. 

The test conditions are as follows: 

30 

the seal member 7 with the intermediate seal lip 
removed was mounted adjacent the ball 20 to the 
outer ring 8 for this test, 

twenty inner rings 11 with different interference 
35 amounts between 0.7 mm and 1 .5mm were tested 
by inserting each inner ring 1 1 into the outer ring 8 
as illustrated by an arrow in Fig. 7, and 
the inner seal lip was checked whether it turned 
over during inserting. 

40 

Rg. 9 shows a graph of test data on the relation 
between the seal lip clearance and the amount of 
grease leaked out of the seal lip clearance. 

The test conditions are as follows; 

45 

A load was applied to the bearing corresponding to 
the straight traveling, and the bearing was operated 
with the rotational speed of 2,500 rpm during the 
period of time of 24 hours, and the amount of the 
50 grease leaked out of the bearing was checked. 

The present invention provides a seal device to 
keep small the rotational torque of the rolling bearing 
having the seal device therein, the seal dance having 
55 good durability and seal performance and produced at 
an inexpensive cost The present invention is not limited 
to the examples shown in the specification. 
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Claims 4. 

1 . A seal device for use in a roliing bearing comprising 
an inner ring having an outer peripheral surface 
formed with an inner ring raceway and an outer ring s 
having an inner peripheral surface formed with an 5. 
outer ring raceway and a plurality of rolling mem- 
bers provided between the inner and outer ring 
raceways for relative rotation of the inner and outer 
rings, the seal device comprising a metal member. io 
slinger and seal member and provided between the 
outer ring and the inner ring so as to close up an 
erxl open portion of the rolling bearing between the 
outer peripheral surface of the inner ring and the 
inner peripheral surface of the outer ring. is 



The seal device of Claim 1 , wherein the inner seal 
lip at a free condition has a diameter which is sub- 
stantially the same to the outer diameter of the 
cylindrical portion of the slinger. 

The seal device of Claim 1. wherein the cylindrical 
portion has an end edge formed with a chamfered 
portion to be inserted into the inner seal lip. 



the metal member comprising a radially outer 
cylindrical portion to be fitted into the inner 
peripheral surface at one end of the outer ring, 
and a radially inner ring portion extending radi- 20 
ally inwards from the axially inner end of the 
radially outer cylindrical portion, and formed in 
a generally annular shape, 
the slinger comprising a radially inner cylindri- 
cal portion to be fitted onto the outer peripheral 25 
surface at one end of the inner ring, and a radi- 
ally outer ring portion extending radially out- 
wards from the axially outer end of the radially 
inner cylindrical portion, and formed in a gener- 
ally annular shape, 3o 
the seal member made of a resilient material 
and comprising a base portion and outer, inter- 
mediate and inner seal lips with the base por- 
tion connected to the metal member, 
the outer seat lip having a tip end edge placed 35 
in sliding contact with the axially Inner surface 
of the ring portion of the slinger, the intermedi- 
ate and inner seal lips having a tip end edge in 
sliding contact with the outer peripheral surface 
of the cylindrical portion of the slinger, 40 
the outer, intermediate and inner seal lips 
being tilted such that the closer to the respec- 
tive tip end edge the closer to the outside of the - 
rolling bearing, 

in the state where the tip end edge of the inner 45 
seal lip is engaged with the outer peripheral 
surface of the cylindrical portion of the slinger, 
the inner seal lip is provided substantially out- 
side the resilient deformation. 

50 

The seal device of Claim 1. wherein provided that 
the dianr^ter of the cylindrical portion is D12. the 
inner diameter of the inner seal lip at a free condi- 
tion is controlled to be at least 0^2 - 0 5 mm and up 
to D12 + 0.2 mm. 55 

The seal device of Claim 1. wherein 0^2 is in the 
range of about 40 mm and about 70 mm. 
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Fig. 2 
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Fig. 9 
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